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SUMMARY

Immunotoxic effects of four agents, WR 171669, WR 142490, WR
172435 and WR 180409, were studied.

MR.171669, at maximal sublethal dose, caused a slight increase
in the antibody plague-forming cell (PFC) response, and marginal
suppression in the delayed hypersensitivity (DH) reaction and in
vive phagocytic function.

WR 142490 caused slight reduction in the splenic cell content
at the higher dose given before or after the antigen. It did not
significantly affect antibody PFC responses at any dosage or timing.
The DH reaction was suppressed by this agent given before or after

the antigen but the statistical significance was demonstrable only

in the group receiving a high dose of the drug before the antigen,
WR 142490 injected at 10 mg/kg but not 40 mg/kg caused a significant
augmentation of the phagocytic function. :
WR 172435 caused a significant reduction in IgG response in only i
one instance: in mice treated with 10 mg/kg of the drug one day after%
antigen. Since this reduction was of a very modest magnitude and a —@
higher dose of the drug failed to exert a similar effect, the bio- :
logical significance of this effect is questionable. No statistically
significant change in DH reaction was noted in mice treated with this
agent; however, it caused significant augmentation of RE function.
The augmentation in K value was significant in mice receiving both

the high and low doses of the drug but the increase in o value was

significant only in mice receiving the higher dose of the drug.
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WR 180409, at the higher dose, caused a smal!l but significant
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reduction in the cellularity of the spleen. Given at the higher
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dose before antigen it caused significant suppression of the IgG
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response but when given after the antigen it caused a slight aug-
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mentation. DH reactions were not at all altered by this drug.

Only the lower dose of this agent caused slight augmentation of RE
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function, as reflected by the K value but not the o value.

In conclusion,\bone of these drugs had a dramatic effect on

any of the immune parameters measured.
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METHODOLOGY

2
N Mice. Male Balb/c mice weighing 20-25 grams were used in all

experiments. Animals were maintained according to the "Guide for

the Care and Use of Laboratory Animais" (1972) prepared by the Com-

mittee on Revision of the Guide for Laboratory Animal Facilities
and Care, Institute of Laboratory Animal Resources, National Re-
- search Council (DHEW Publ. No. (NIH) 73-23).

Antigen and Immunization. Sheep erythrocytes (SRBC) suspended

- in normal saline were used for immunization. Mice received 0.2 ml
- of 2.5% (1 x 10%) srac by the i.p. route for studies involving
humoral response, whereas 0.1 ml of 0.25% suspension was injected

8.C. on the dorsal side of the neck for immunization for the DH re-

{. action. The challenge for elicitation of the DH reaction was given
- e )

. as 0.02 ml of 25% suspension i.d. in the right ear.

,%7 Humoral Responses. Humoral IgM and IgG responses against SRBC

were measured by assaying individual spleens for the hemolytic PFC
contents by the method described by Cunningham and Szenberg (1).
;? Five days following i.p. immunization of mice with SRBC, spleens
- were excised and gently disrupted by means of a nlass/Teflon tissue
homogenizer in Hank's balanced salt solution containing 0.1% bavine
r. serum albumin (BSA-HBSS). The cells were washed once and resuspended
; in 4 ml of the same medium. The tubes were allowed to stand for 60
sec to allow clumps and tissue debris to settle. A 1 ml aliquot of
ﬁ: singly dispersed cells was removed from the top of the suspension and

‘ transferred to another tube. The number of nucleated cells per ml
"~

of this suspension was enumerated and adjusted to a concentration of
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2-3 x 106 nucleated cells per ml. One volume (0.1 ml) of this sus-
!I# pension was mixed with one volume of 10% SRBC suspension, one volume
of medium and one volume of 1:2 dilution of complement. Aliquots
(0.1 ml) of the mixture were placed in chambers prepared by assembling
two 3" x 1" microscopic slides by means of a 5 mm wide double-faced
- adhesive tape. The chambers were sealed along the edges with molten
wax and incubated at 37°C in a humidified incubator far 40 min after
which the number of plagques was enumerated.

The above technique allowed the assay of the IgM PFC contents

4.

. of the splenic suspensian. For the detection of IgG PFC the splenic
cell suspension was mixed with egqual volumes of 10% SRBC, rabbit
anti-mouse IgG serum at an optimal dilution (previously determined)
and caomplement. The mixture was placed in chambers and incubated

] as above. Plagues observed in these chambers were a mixture aof IgM
§< o and IgG, and the latter were derived by the deduction aof the IgM PFC
! calculated from plaques observed in chambers containing no antiserum
against mouse IgG (2). From the number of plaques per chamber was

o calculated the number of PFC per 106 nucleated splenocytes and also
PFC per spleen.

Delayed Hypersensitivity Reaction. Mice were injected s.c.
6

with 9 x 10~ SRBC in 0.1 ml volume on the dorsal sifde of the neck.

Six days later they were challenged with 1 x 108 SRBC in 20 ul
4 volume i.d. in the pinnea of the ear; 24 hr later 2 uCi of 125IUdR
. in 0.2 ml volume was injected i.v. via the tail vein. Both ears

> were excised 18 hr later at the base of the pinnea and the radio-

activity incorporated in each ear was measured in a y-scintillation

--------
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counter. The ratio of radioactivity incorporated in injected and
'; non-injected ears was calculated and was taken as an index of the DH
- reaction. This method has been reported as a reliable procedure for
o assaying the DH reaction to a number of agents (3) and we have con-
firmed the validity of the technigue in our own laboratory.

Phagocytic Function of the Reticuloendothelial System (RES).
51

v Clearance of SRBC labeled with Cr (chromoium isotope) was used as

a criteria for the RES function (4,5). SRBC were washed three times

51Cr (but

in saline and to 1 ml of packed SRBL was added 100 wCi of
a always less than 5 ug NaZCrDh). The cells were mixed and incubated
for 30 min 2t room temperature and then washed three times in saline.
s Washed cells were suspended at a fipal concentration of 10% (v/v)
in saline and 0.2 ml of this suspension (4 x 108 SRAC) was injected
-~ i.v. via the tail vein and 20 ul of blood was collected immediately
(zero time sample) from the retroorbital sinus using a heparinized
capillary (hemataocrit) tube. The same volumes of samples were
collected similarly at 2, 5, 10 and 15 min intervals from the time
- of original bleeding. All samples were placed in test tubes and
the radioactivity was counted in a gamma scintillation spectrometar.
The radioactivity in the sample represented the relative concentration
- of SRBC in circulation at a particular time. The cpm were converted
to log and plotted against time, and the slope of the best fitting
.! straight line for the plot was calculated; it represented the phago-
cytic index K. Since the concentration of particles in circulatiaon
and hence the K value is dependent on the tctal body weight of the
mouse, its liver and spleen weight, a corrected phagocytic index, 4,

. e was calculated as follows:
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where w is whole body weight, 1 is liver weight and s is spleen
weight.

In.une earlier experiment, colloidal carbon (Pellikan India ink)
was used as the particulate material instead of SRBC. In this ex-
periment (see results on WR 171669) the concentration of the partic-
ulate material in the blood was measured spectrophotometrically and
the K and a values were calculated from the slope of the curve ob-
tained by plotting 10910 optical density of samples measured at
800 nm against time (6).

Localization aof Particulate Material in Liver and Spleen. Since

the particulate material from circulation is cleared mostly by entrap-
ment in the liver and spleen (4), any alteration in the organ weight
or functional activity of the Kupffer cells or dendritic splenic
macrophages would affect the clearance rate. Use of 51Cr—labeled

SRBC enabled us to determine their organ localization. Spleen and
liver were removed intact and weighed. The radiosctivity associated
with each organ (proportionate with their SRBC content) was measured
in a gamma counter and the radigactivity was calculated per gram of
the organ weight.

Presentation of Data. Numbers of spleen cells have been pre-

sented as geaometric means. FPFC per 106 splenocytes and per spleen
have been recorded as lng10 mean together with ane standard error.
Anti-log of log1D mean PFC are recorded in parentheses. DH reaction
has been reported as the mean of relative ear reaction together with

the standard error of the mean. The relative ear reaction was cal-

culated as follauws:




125
125

IUdR incorporation (cpm) in challenged ear

IUdR incorporation (cpm) in contralateral ear

RE function has been expressed as the arithmetic mean of phaogyctic
index, 100 x K values or a values corrected for variations in the

whole body weight and liver and spleen weight of individual mice

within the limit aof one standard error. Spleen and liver aorgan

weight has been presented as the mean of the organ weight in mg per
gram of body weight and the uptake of particulate material by these
organs has been expressed as the mean of radicactive SRBC content (cpm)
per gram organ weight * one s.e.

Statistical significance of the data was evaluated by the stan-
dard two-tailed Student's t-test with correction for small groups and
expressed as p values. P values greater than 0.05 were considered
not significant.

Solvent and Dosage. WR 171669 (BB4L1223, AGC-w100.1, May 4, 1979)

was suspended in DOMS0:Tween-80-Saline (4:1:15). This solvent was not
toxic and gave a colloidal suspension. The required dose of the drug
was injected i.p. in 0.4 ml. 1In initial experiments, 2000, 1500 and
1200 mg/kg of the drug were used but, due to the high toxicity at
these doses, immunological studies were conducted at doses of 1000
and 250 mg/kg drug as salt.

WR 142490 AS HC1 (BH10371, AP-VIII-153, March 19, 1980) and
WR 180L09 AD HJPDu (BE994L20, AP-VIII-112, March 19, 1980) were dis-
solved in 10% ethanol in saline (by dissolving in pure ethanol first
and then diluting to the exact concentration with saline) and the

desired dose (40 mg/kg or 10 mg/kg) was injected in 0.2 ml volume.

Control mice received 10% ethanol in saline.

a- i
e aw et e LS e

-
R RN

- - - « " a = - R . . . . ° "' -
. N R R P AT PR B SE ; et AL e L RS J
P SNESFILIS I TP AT ITRC IR WA T DRy S TR WA, Wi P, U, Wiy I T DAL R AR PO, S S T SO SR A e A e



WR 172435 AK CH3SD3H (BG33210, AP-VIII-123, March 19, 1980) was
suspended in 10% DMSO in saline (drug dissolved in DMSO and then
diluted with saline to the exact concentration). The desired dose

(50 mg/kg or 10 mg/kg) was injected in 0.2 ml volume. Control animals
received a 10% solution of DMSQD. From several experiments it was ob-

served that 10% DMSD gr 10% ethanol did not significantly alter

immune responses of mice.
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RESULTS

Humoral Responses. Humoral immune response as measured by the

PFC content of spleens was slightly augmented by WR 171669 at the
higher ADSE injected one day before the antigen (Table 1), This
augmentation was statistically significant for IgM PFC per 106 spleno-
cytes (p < 0.05), IgG PFC per 108 splenocytes (p < 0.05) and IgG PFC
per spleen (p < 0.005). The drug injected after the antigen at the
lower dose (250 mg/kg) also caused significant augmentation of I3G

PFC per 106 splenocytes (p < 0.005). At the higher dose given after
antigen this agent caused a significant reduction in the total IgM

PFC content of the spleen. This reduction could be accaunted far

mostly by the reduction in the splenic cellularity (Table 1).

WR 142490 did nut cause any significant changes in the PFC re-
sponse of mice receiving either of the two doses of the drug, although
. the splenic celluiarity of the mice injected with 40 mg/kg of the drug
six days previously was slightly but significantly (p « 0.05) reduced
(Table 2).

WR 172435 at the lower dose (10 mg/kg) caused a significant re-
duction in IgM per 106 splenocyte response when irjected ane day be-
fore SRBC (p < 0U.01) and IgG per 106 splenocyte (p < 0.02) response
when injected one day after the antigen (Table 3). OJther than these,
‘ no significant changes in humoral responses were cudsed by this agent.
The biological significance of the apbove mentioned statistically sig-
nificant alterations could be guestioned because of the magnitude of
'; the changes and the failure of the higher dose to couse such an effect.

Furthermare, the changes were significant only at the PFC per 1U6

. . .~
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level and not when total PFC contents of the spleen were considered.

- ‘n; WR 180403 at the higher dose injected before the antigen caused

iz a significant (p < 0.05) reduction in the IgG per 106 splenocytes,

;? IgM per‘106 splenocytes and total splenic IgG responses (Table &4).
Given after the antigen this agent at the lower dose caused & signi-

f ficant augmentation of the IgM per 106 splenocyte (p < 0.05) and
total IgM PFC per spleen (p < 0.02) responses. The higher dose uf

;? WR 180409 injected before or after antigen alsoc caused a significant

g reduction in the cellularity of spleen (p < 0.025).

§ DH Reactions. A significant (p < 0.02) reduction in the DH

;i reaction was caused by the lower dose of WR 171669 injected one day

?3 before the antigen (Table 5). The higher dose given before or after

’f the antigen also caused a depression in the DH reaction, although

(_ A~ these changes were statistically not significant (p > 0.05).

fa A WR 142490 also caused a statistically significant (p < 0.025)

. suppression when injected at 40 mg/kg one day after the antigen

. (Table 6).

;: None of the changes in the DH reaction of mice injected with

:S WR 172435 (Table 7) or WR 180409 (Table 8) were statistically signi-

~ ficant.

3 RE Functign. The effect of WR 171669 was assessed by measuring

;3 the clearance rate of colloidal carbon from the circulation of mice

g treated with the drug or the solvent. From Table 9 it would appear

‘E that the higher dose of WR 171669 caonsiderebly impaired the RE

f{ function of mice and this impairment was significantly noticeable

with both K values (p < 0.001) and o« values (p < 0.01).
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Colloidal carbon was replaced by radiolabeled SRBC for the RE
‘r; function studies with WR 142490, WR 172435 and WR 180409. This was
found necessary because of the difficulty in obtaining standardized
colloidal carbon suitable for scientific investigations and because
of toxicity of India ink (a source of colloidal carbon) in mice due
= to the presence of shellac (7). 51Cr-labeled 5RBLC have previogusly
been used as a particulate material for the study of the RE func-
- tion (4,5).
- The lower dose of WR 142490 significantly augmented both K (p
if 0.001) and o (p < 0.02) values of phagocytic indices. The higher
| dose, however, failed to significantly influence either (Table 10).
WR 172435 also significantly augmented the K value of the phagocytic
index at both doses (p < 0.005 for 10 mg/kg, p < 0.001 for 50 mg/kg).
<. -~ However, only the higher  dose of this agent caused a significant (p <
0.025) increase in the o« value (Table 11). The higher dose (40 mg/kg)
of WR 180409 did net have any significant effect on K or « values;
however, it elevated the K value in mice injected with 10 mg/kg

(Table 12).

Splenic and Hepatic Changes. Data con the effects of WR 142490,

5 WR 172435 and WR 180409 on spleen and liver weight changes and the

localization of 51Cr-SRBC in these organs have been summarized in

Tables 13-15. WR 142490 did not have any significant effect on the

.g spleen or liver weights; however, it caused a slight but statistically
Z; significant (p < 0.01) drop in the splenic uptake of SRBC at the

;i lower dose of 10 mg/kg (Table 13). WR 172435 had no significant ef-
~: fect on elther splenic or liver weight or SRBC uptake at either the

?g

9
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higher or the lower dose (Table 14). WR 180409, at the lower dose,
caused a significant increase in both splenic and hepatic weight;

it also caused a reduction in the splenic uptake of SRBC (Table 15).
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COMMENTS

None of the four agents tested had a profound effect an any of
the immunological functions measured. Moderate to slight suppres-
sivé ana sometimes augmentative effects exerted by certain agents,
al though statistically significant, may not have a biological signi-
ficance. Most chemotherapeutic agents which expose the recipient
host to infections are extremely suppressive at doses far below their
limits of lethality. For example, cyclophosphamide well below the
lethal dose causes over 90% depression in the response of mice to
SRBC (8, and personal observations). Similar effects of a number of
other alkylating agents have been noticed (9, and personal observa-
tions). Similarly, corticosteroids inhibit phagocytic and other
functions of macrophages and T cells at doses well below lethality
(10). Agents studied and results reported here have employed doses
of drugs reaching lethal doses and their immunotoxic effects have been
minimal. It was encouraging to note, from the poimnt of their thera-
peutic potential, that three of four agents, viz., WR 142450, WR
172435 and WR 180409, potentiated the phagocytic function at one dose
or the other and none suppressed this function. In view of the im-
portance of phagocytic cells as the first stage of host defense
against infection, their resistance to these antiparasitic agents is
of cansiderable significance and their augmented function following
drug treatment may be of some merit. Indeed, the real therapeutic

value aof these agents will depend on their antiparasitic effects.
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